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Abstract

The importance of tracking and tracing of shipments is considered quite high for manufacturing firms in terms of 
customer service and essential for managing logistics networks efficiently. Global industries are facing problems 
both from tracking and tracing in their logistics networks that creates huge coordination problems in the overall 
product development sites. This paper presents a sophisticated overview on technology-based methodology or 
approach for solving the complex tracking and tracing system in the logistics and supply chain network. The main 
objective of this research is to the management of logistics network through analyzing the new technological 
opportunities on real-time shipment tracking in dispersed manufacturing environment. It is hoped that these 
technologies would be able to offer solutions for tracking and tracing distribution chains through future information 
technologies such as available real time tracking technologies. 
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1. Introduction
The importance of tracking and tracing of shipments is considered quite high for manufacturing firms in terms of 
customer service and essential for managing logistics networks efficiently. Global industries are facing problems 
both from tracking and tracing in their logistics supply networks, that creates huge coordination problems in the 
overall product development sites. This problem looses the track among production, delivery and distribution in the 
complete logistics chain from source to destination, which is responsible for opportunity cost through customers’ 
dissatisfaction. Tracking system helps to identify the position of the shipment and informed the customer in well 
advance. Without tracking system it is almost impossible to find out delivered items and often considered as lost or 
stolen item that causes business loss. This system might fulfill the needs of project manager to map the production 
process from transportation to material management [1, 2]. 

In practice, there are several tracking systems available through GPS, GTIN [3], RFID [4], Barcode etc; however, all 
these systems are not fully compatible for industry. Most of the available tracking and tracing systems utilize 
proprietary tracking numbers defined by the individual companies operating systems and are based on information 
architecture, where the tracking information is centralized to the provider of the tracking service.  Existing tracking 
systems can not able to identify the contents within a box for example, whether the box is open or the contents are 
lost or stolen etc. In order to tackle such misalignments in the logistics channel a state-of-the art technologies or 
tools are needed to be developed for sustainable production process. These tools are needed to be cost effective and 
at the same time possibility for reuse or recycling for any circumstances. Before proceed towards the real-time 
tracking technology, it is crucial to analyze its possible cause and effects. Optimal performance measures for the 
technologies could ensure projects success for any industries.

Tracking technologies in logistics networks are implemented fairly little in the global technology industry. Mostly 
high volume of global industries are implemented this technology with limited capabilities. The basic methods for 
all these tracking systems are usually confined for the customer to access the tracking information are within the 
area of tracing the shipments through manual queries such as using a www-site or telephone call, e-mailing, fax or to 
engage in developing systems interfaces or integrating with the tracking system. There is even no available tracking 
system between invoice and transportation. Customers got their ordered goods through calling or e-mailing the 

242



Shamsuzzoha and Helo
vendors and there do not existing real-time tracking and tracing technologies. This lacking affect to network and 
relationship structures between manufacturers and potential customers. Thus industries need a concept, methods, 
tools and competencies to systematically develop their real-time tracking technologies for logistics network.    

Without proper and suitable tracking and tracing system, efficient co-ordination of logistic flow would be difficult to 
acquire [5]. Through the implementation of this system, it is possible to detect and reacting any uneven situations in 
the logistics chain and where needed significant problems can be resolved or at least the damage can be minimized 
[6, 7]. This system is also considered as a key service requirement for the global transportation industries especially, 
when they are integrated with the manufacturing companies adopting just-in-time operational strategy [8]. In case of 
tracking and tracing technology several issues are considered to be applicable in an inter-organizational 
communication such as operational scope, goods identification technology, coding of the tracked items, information 
architecture, accessing the tracking information etc [9, 10]. 

2. Literature Review
The tracking and tracing of logistics networks is recently considering a very important issue in the global supply 
chain management (SCM). It is identified as the search for competitive advantage, where manufacturing firms have 
recognized the potential importance of their logistics networks. There is no universally accepted definition of 
tracking and tracing in the logistics literature. In most occasion tracking is usually been attached with tracing 
commonly termed as ‘tracking and tracing’ [9, 11]. The term tracking can be identified as the collecting and 
managing the information of the present location of a product(s) or delivery item(s). On the other hand, tracing 
system signifies to storing and retaining the life cycle history of the manufacturing and distribution of product(s) and 
its components [9, 12, 13, 14, 15]. 

This tracking and tracing system is considered as industrial norms to provide customer services which consequently 
trigger competitive advantage for the logistics service providers (LSPs) too. The demand for logistics network 
tracking and tracing of items has been long since recognized by the individual industries. The academic 
communities along with standardization organizations are also actively looking forward in efforts to develop global 
identification methods for items or products [15]. The standard procedures developed so far are mainly concern with 
identification of items and as such, do not directly define any connection to product tracking systems. The 
complexity of the logistics chains in global industry has meant an increasing interest in improving their 
manageability [16]. Due to the diversity of product variants together with the necessity to improve on product 
traceability, a lot of information about the items is needed [13, 17]. 

This tracking tracing system is considered an extremely useful service in the industrial logistics management and for 
satisfying higher customers’ demands [18, 19, 20]. Organizational managers noticed this tracking system as a means 
of strengthening their market position through improved customers’ satisfaction and implementation of information 
technology (IT) [21]. This system covers globally both physical and information logistics networks more 
transparency with effectively and efficiently in today’s changing market environments. However, most of the 
existing tracking of shipments is designed for the purpose of a single organization and therefore there is lacking of 
tracking and tracing for multi-organization environments [22]. 

Most of the single logistics company focus on the reduced span of tracking and tracing, which offers easier 
accessibility of information and maintain the proprietary tracking codes and information architectures. Independent 
providers of tracking service such as Savi Technologies and EURO-LOG offer the development underline the 
importance of customers being able to locate shipments in-transit through planning and monitoring their operations 
[21, 23, 24]. The existing tracking systems are suitable for use when goods are handled by one company and are not 
suitable for multi-company networks [13, 15]. These company specific tracking services utilize service provider-
specific coding for consignments, which resulted increase the complexity of retrieving tracking information for the 
potential customers.      

3. Research Scope and Content
3.1 Research Objectives and Methodology
Ever increasing trends on product customization and reduced delivery time forces companies of looking for state-of-
the-art technologies or methodologies to develop optimal tracking systems with real-time information processing. 
This optimal tracking system should satisfy both the manufacturers and their suppliers within the projected logistics 

243



Shamsuzzoha and Helo
supply networks. This research study ensures an interactive forum for companies’ supply-demand network to learn 
and share the concepts and benefits concerning logistics network tracking technologies. This projected work is also 
developed with a view to study, what kind of practices industries do in terms of logistics tracking and what kind of 
practices or technologies would fit in particular business scenarios. The specific target of this research is therefore 
can be summarized as follows. 

 Description of information flows within the logistics chains
 Definition of the specifications for the tracking system
 Description of the tracking technologies
 Analysis of tracking logistics in supplier networks 
 Analysis of the potential partners in delivering the IT-solution.  

3.2 Research Targets and Research Questions
The purpose of this research project is to create knowledge concerning learning in networks, and help companies to 
develop tracking system within logistics supplier networks. Our goal is to create a framework, models, methods and 
tools to facilitate the state-of-the-art tracking and tracing technology in supply chain logistics networks. These 
targets require finding answers to the following three research questions: 

1.How do customer companies define logistics networks and what kinds of needs are there for tracking the 
logistics network development? 

2.How do companies track and trace their logistics networks in an international context?
3.What kind of concepts, methods and tools do support in collaborative logistics networks in different 

industrial environments? 

4. Definition and Specification of Logistics Tracking and Tracing Networks 
The real-time track and trace system is essential to manage the integrated logistics networks and to enhance 
customer services. In literature various authors defined real-time tracking and tracing in different ways. According 
to APICS Dictionary [25] traceability has two fold; (1) the attribute that allows the ongoing location of a shipment to 
be determined and (2) the registering and tracking of parts, processes and materials used in production, by lot or 
serial number. Traceability is defined by the ISO [26] as the ability to track the origin of materials and parts, the 
product processing history and the distribution and location of the product after delivery. There exists distinction 
between product tracking and product tracing. Product tracking 

Product tracking initiates from the concept of product value or associated risk, whereby individual wishes to locate 
the products. On the other hand, product tracing initiates from exception handling, whereby individual wishes to 
establish the source of (bad) quality [12]. Tracking and tracing can be subdivided into forward and backward part 
respectively, where tracking part consists of determining the location of the items during their way through the 
logistics chain and the tracing part consists of determining the source of the problem of a defective item in the 
logistics network [27]. Weigand [28] is defined tracking and tracing a modern tool that offers insight into the origin 
of products which is used to optimize and to enhance the total supply chain network. 

The tracking and tracing system is not merely restricted to the manufacturers’ level only but also to the entire supply 
chain networks, which are separated by market forces. In respect to tracking and tracing system, supply chain 
networks can be considered as the integrative approach for dealing with planning and control of materials from 
suppliers to end-users [9]. Proper tracking and tracing is therefore required all necessary information of the supply 
networks in order to be managed efficiently and effectively. Various parties within supply chain logistics network 
need to work together in order to determining the requirements for tracking and tracing. With respect to tracking and 
tracing system, Jansen [12] divides the supply chain logistics parties into two groups: suppliers and industrial 
customers and end-customers. In terms of tracking and tracing, suppliers and industrial customers impose 
requirements on the supply chain as ‘business-to-business’ requirements whereas; end-customers impose 
requirements on the supply chain as ‘business-to-consumer’ requirements.

5. Description of the Tracking and Tracing Technologies
The tracking system is usually considered as the link between the information systems and the physical reality (the 
material flow) in the logistics network [11]. This system is seen as a key service component for the transportation 
industry to fulfill the needs of manufacturing companies. In logistics chain, the delivery notification at real-time is 
very important and the immediate status of delays or other delivery problems are required to notify as soon as 
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possible. By tracking and tracing the materials flow, it is possible to detect and to react in any uneven or unexpected 
events before they cause significant problems or at the very least, the damage can be reduced [7, 11].  

The generic technology behind the tracking and tracing system is that when a track item arrives at a predefined place 
in the logistics network, the arrival is notified and a message regarding the arrival is sent to a tracking database [7, 
21, 29]. The arrival message contains three basic information regarding the materials or shipments such as the 
identity of the predefined point, the location of the point and the arrival time to the predefined point [11]. There 
might other related information regarding the shipments too such as quality and quantity of the shipped items, 
previous and next delivery point, etc. Different available tracking technologies can be discussed in the following 
paragraphs.

5.1 Codifying the Shipped Item    
Before implementing the tracking and tracing system for any shipped item it is required to codify based on the 
specific functionalities of the logistics network. The function of codifying an item or product is to facilitate the easy 
information exchange between the potential partners of the logistics chain. Before coding a deliverable item care 
should be taken in order to develop the error free tracking and tracing network and the provision for safeguard 
extensions for future applications. Product codification has several functionalities such as; tracking and management 
of transportation, efficient storage and retrieval of items, sorting of products or items, tracking of work in process in 
case of manufacturing processes etc. Shipped items with proper coding enable automated and inexpensive 
information exchange between logistics partners and provide a more current and flexible view of business networks.

The available technologies for tracking and tracing include: barcode, radio frequency identification (RFID), 
magnetic stripe, voice and vision systems, optical character recognition and biometrics. The predominant choice of 
identification technology is bar coding, where the system utilize mostly proprietary tracking numbers defined by the 
company operating system and are based on information architecture [7]. The tracking information is centralized to 
the provider of the tracking service from where customer to access the tracking information through interfacing or 
integrating with the tracking system. Figure 1 displays the basic architecture of the tracking network, where the 
coded item travelled from base station to the end-customer via different distribution points. The information from 
each of the distribution points is updated for necessary tracking and tracing.         

Distribution
point 1

Distribution
point 2

Distribution
point n

Coded item
from base

station
End-Customer

Material (Item or product) flow

Information
update at point 1

Information
update at point 2

Information
update at point n

Figure 1: Basic architecture for tracking and tracing network

5.2 Tracking and Tracing of the Shipped Item    
The technology behind the tracking and tracing of a coded shipped item is started from an infrared code reader as 
displayed in Figure 2. This code reader stored the full history of the tracked item such as item name, shipment 
starting date, item price etc. After storing the initial information of the item, it is travelled to various locations on its
way to the end point. Each of the travelled location there is a server to identify the item location. A centralized 
server keeps the necessary tracking information all the way of the item to the potential customer. This server is 
connected to each of the intermediate servers on the way of coded item. The shipped item is also monitored all the 
way and the required information is stored in the central tracking database from where the information is retrieved 
according to necessary. 
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Figure 2: Generic technology behind the tracking and tracing network

The server at of each of the location contains the information of the item regarding item name, location ID, current 
time, item quality and quantity etc. In quality checking, the item is scanned for its status such as damaged or partial 
damaged or not especially in case of perishable item, broken fully or partially or not in case of non-perishable item 
etc. The quantity checking also ensures the missed or stolen item from the shipped cartons or lots. This quantity 
checking prevents the malpractice of misplaced or lost the shipped items and ensures the exact quantity as it was 
from the base station. It is therefore clear that the successful tracking and tracing embedded within business 
application requires item coding for necessary identification. Usually items or products that differ in form, fit or 
function are tagged with a different code [30]. 

5.3 Available Tracking and Tracing Software    
With the view to maximize profits and gain the vital competitive edge over rival companies, it is very important to 
capitalized business with the latest tracking and tracing technology. Good business should have a controlled and 
well planned approach to work. This means that good software can track and trace the business activities throughout
the delivery process. The software not only maximizing efficiency in the delivery and collection process, but also 
allows firms to give far better customer service. It enables to inform the client of an item’s exact position, thereby 
offering a more accurate estimated time of arrival and able to nip a problem in the bud � putting the delivery back
on schedule. Most of the tracking and tracing software are purely internet based real-time system that users can 
access from anywhere that has an internet connection and a web browser.

The web-based technologies used in the software system enable secure remote access to the system from any 
location at any real-time. These technologies have sound knowledge in both key areas of transport management and 
warehouse management which offer optimum performance and reliability on the traffic or warehouse system. 
Accurate and applicable real-time tracking technologies for logistics network create common understanding about 
how to facilitate logistics network in the development of overall companies’ goals. The common benefits from real-
time tracking technologies can be summaries as:

 identify and address the weaknesses in firms supply networks
 the ability to manage suppliers performance
 reduce total freight costs
 optimize firms inventory management
 increasing firms efficiency by planning ahead
 more power in pricing negotiations
 reduction in lead times
 reduction in back orders
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Figure 3: Tracking device reporting vibrations and shocks during transportation.

There are various forms of tracking and tracing devices/technologies. Some tracking devices reporting vibrations 
and shocks during transportation as displayed in Figure 3. This type of device tracked the transported items through 
sensing the vibrations and shocks initiated from the transported items. Other forms of tracking devices use ground 
positioning system (GPS) for tracked the transported items. This device uses satellites to navigate the shipped items 
as displayed in Figure 4. 

Figure 4: Tracking devices using GPS satellite navigation.

The satellite navigation system as implemented by the GPS technology offers real-time tracking information to the 
potential customers. Customers could interact with the shipped items by using internet technology from where they 
could browse their expected tracking information. Figure 5 displays a snapshot of the real-time tracking device. 
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Figure 5: Potential software user interfaces for real time project tracking.

Through implementing web-based technology, customers could even be able to use touch operated tracking device 
as seen in Figure 6. This type of device is able to display the shipped item by using touch screen technology. If a 
customer put his/her finger on the display monitor he/she would be able to track the item’s location on a real-time 
environment.   

Figure 6: Touch operated tracking-display.

6. Methodology to Support Collaborative Logistics Tracking and Tracing Networks
Due to today’s collaborative business environment, manufacturing organizations are needed to track and trace their 
logistics chains in a collaborative fashion. Owing to the multi-company nature of supply networks of logistics 
processes, different parties of the logistics network need to liaise and cooperate in determining the requirements for 
tracking and tracing systems [9]. Before establishing the necessary cooperation among collaborative partners, they 
need to follow several consecutive steps such as unique goods identification technology to be used, coding of the 
tracked items, the content and way of exchanging tracking information, information architecture to be used in the 
tracking application and the available methods of accessing the tracking information [10, 11].

The most essential concern of the collaborative tracking system is to the span and range for collecting the tracking 
information. There are two forms of operations for tracking logistics service provider namely independently 
operated for a single company and multiple operated from where different companies are able to receive their 
tracking information. There needs information architecture in order to building and accessing the tracking 
information. Two different types information architecture is available in the tracking and tracing system 11]. In the 
first type, the tracking system send the tracking information to each party in the logistics network, whereas in the 
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second type the tracking information is accommodated to a central information system from where collaborative 
partners can receive the tracking information by manual request (e-mail, telephone, fax etc). 

Another form of information tracking in a collaborative environment is used by automatically operated system 
where the central tracking of information is performed by Electronic Data Interchange (EDI) or XML message 
interface. In an automated tracking system the basic pieces of information of the track item such as name of the 
item, location of the item and time strap of the item is provided. This system also provides accessibility of 
information directly to the network partners through internet using World Wide Web. This tracking method ensures 
planned delivery dates and automatic follow-up of the logistics deliveries. The information architecture of the 
automated tracking system supports the time-schedule for the implementation option of real-time tracking 
technology that facilitates tracing in collaborative logistics networks in varying situations and integrates them as a 
part of partners’ strategic activities. 

7. Conclusions
This article presents a state-of-the-art overview of the logistics tracking and tracing network. It is not only defined 
from definitions and specifications point of views but also from available technologies point of views too. The 
importance and the organizational scope of tracking and tracing are elaborated within the scope of this article. This 
article illustrated that tracking and tracing transcends organization borders and extends to include all elements of the 
logistics networks, as well as external parties of the business environment. The three research questions are 
discussed and analyzed in terms of needs, implementation and methods for collaborative customers’ companies 
logistics networks. The generic scope of information flows within logistics chains are defined in respect to IT-
solution.

A structure of basic architecture for tracking and tracing network along with generic technology behind the tracking 
and tracing network is defined and discussed. In this content, available tracking and tracing software are presented 
and explained their operational activities are described briefly. All these software tools supports the real-time 
tracking technologies required for online tracking information across the logistics chains. In this paper, we have also 
presented the methodology to support the collaborative logistics tracking and tracing, where the networks partners 
could tracked their shipments easily and efficiency on real-time basis. These tracking messages are transmitted 
through automatically EDI or XML message interface to the partners’ internal receivers. 

The intention of this research was to indentify the basic needs and potential technologies for tracking and tracing the 
shipped items. The presented approach could be taken as a reference structure for logistics tracking and the 
exemplary instances alongside the development structure may help to illustrate the layers and concepts of tracking 
and tracing projects even further. This article lacks of constructive implementation works of the tracking 
technologies in length however; the references provided in this paper could be an added value to the potential 
readers to study more detail of the tracking and tracing theme and technology behind it as a whole. Considering the 
implementation structure of the tracking technology, future research will continue to describe practical business 
cases in detail and assess the sophistication of the technology applied.   

Acknowledgments

The authors like to acknowledge the available funding opportunities from the ‘LogTrack’ project to carry out this 
research.

References
1. Helo, P., and Szekely, B., 2005, “Logistics Information Systems: An Analysis of Software Solutions for 

Supply Chain Co-Ordination,” Industrial Management and Data Systems, 105(1), 5-18.
2. Helo, P., 2006, “Agile Production Management – An Analysis of Capacity Decisions and Order-Fulfilment 

Time,” International Journal of Agile Management Systems, 1(1), 2-10.
3. EAN International, 2001, “Global Trade Item Numbers (GTIN), Application Guideline,” EAN 

International, Online at: http://www.ean-int.org/.
4. ISO/IEC, 2000, “Automatic Identification – Radio Frequency Identification for Item Management –

Working Draft,” International Organization for Standardization, ISO/IEC 18000-1-v8.

249



Shamsuzzoha and Helo
5. Harris, E., 1999, “Project Risk Assessment:  A European Field Study,” British Accounting Review, 31, 

347-371.
6. Willesdorf, R.G., 1991, “Adding Value Through Logistics Management,” International Journal of Physical 

Distribution & Logistics Management, 21(4), 6-8.
7. Kärkkäinen, M., Holmström, J., Främling, K., and Artto, K., 2003, “Intelligent Products: A Step towards A 

More Effective Project Delivery Chain,” Computers in Industry, 50(2), 141-51. 
8. Garstone, S., 1995, “Electronic Data Interchange (EDI) In Port Operations,” Logistics Information 

Management, 8(2), 30-3.
9. van Dorp, K-J., 2002, “Tracking And Tracing: A Structure For Development and Contemporary Practices,”

Logistics Information Management, 15(1), 24-33.
10. Giannopoulos, G.A., 2003, “The Application of Information and Communication Technologies In 

Transport,” European Journal of Operational Research, 152(2), 302-320. 
11. Stefansson, G., and Tilanus, B., 2001, “Tracking and Tracking: Principles and Practice,” International 

Journal of Services Technology and Management, 2(3/4), 187-206. 
12. Jansen, M.H., 1998, “The Environment as a Resource; Developing Environmental Information Systems 

Based on Enterprise Resource-Planning Software,” Eindhoven University of Technology, Eindhoven, PhD 
Thesis.

13. Töyrylä, I., 1999, “Realising The Potential Of Traceability – A Case Study Research on Usage and Impacts 
of Product Traceability,” PhD Thesis, Acta Polytechnica Scandinavia, Espoo.

14. van Hoek, R., 2002, “Using Information Technology to Leverage Transport and Logistics Service 
Operations in the Supply Chain: An Empirical Assessment of The Interrelation Between Technology and 
Operations Management,” International Journal of Information Technology and Management, 1(1), 115-
130. 

15. Huvio, E., Grönvall, J., and Främling, K., 2002, “Tracking and Tracing Parcels Using A Distributed 
Computing Approach,” NOFOMA'2002 Conference, Trondheim, 13-14 June.

16. Artto, K., Heinonen, R., Arenius, M., Kovanen, V., and Nyberg, T., 1998, “Global Project Business and the 
Dynamics of Change,” Technology Development Centre Finland and Project Management Association 
Finland, Helsinki, Finland.

17. Bowersox, D., Closs, D., and Stank, S., 2000, “Ten Mega-Trends That Will Revolutionize Supply Chain 
Logistics,” Journal of Business Logistics, 21(2), 1-16.

18. Day, A., 1991, “Who Cares About International Freight?,” International Journal of Physical Distribution & 
Logistics Management, 21(4), 29-31.

19. Janah, M., and Wilder, C., 1997, “Fedex Special Delivery,” Information Week, 654, 42-60.
20. Williams, L., and Tao, K., 1998, “Information Technology Adoption: Using Classical Adoption Models to 

Predict AEI Software Implementation,” Journal of Business Logistics, 19(1), 5-16.
21. Loebbecke, C., and Powell, P., 1998, “Competitive Advantage from IT in Logistics: The Integrated 

Transport Tracking System,” International Journal of Information Management, 18(1), 17-27.
22. Kärkkäinen, M., Ala-Risku, T., and Främling, K., 2004, “Efficient Tracking for Short-Term Multi-Company 

Networks,” International Journal of Physical Distribution & Logistics Management, 34(7), 545-565. 
23. Dierkx, K., 2000, “Taking Supply Chain Visibility to the Next Level: Powering the Smart Supply Chain,”

Council of Logistics Management Annual Conference, 26 September, Council of Logistics Management, 
New Orleans.

24. Lambright, S., 2002, “Smart New Technologies for Managing the Real-Time Supply Chain,” A presentation 
the Council of Logistics Management (CLM) Annual Conference, 29 September- 2 October, San Francisco, 
CA.

25. APICS Dictionary, 1992, 7th edition, American Production and Inventory Control Society, Inc., Falls 
Church, VA.

26. ISO, 1994, ISO 8402: 1994, Quality Management and Quality Assurance – Vocabulary.
27. van Twillert, J., 1999, “Tracking and Tracing in Semi-process Industries,” Development of a Generalised 

Concept for the Baan Series, Wageningen Agricultural University (WAU), Wageningen.
28. Weigand, A., 1997, Tracking and Tracing in Agri and Food, Kluwer BedrijfsInformatie, Deventer.
29. Tausz, A., 1994, “The High Stakes Game of Keeping Tabs,” Distribution, 93(13), 54-7.
30. Rijn, Th.M.J. van and Schyns,  B.V.P., et al., 1993, “MRP In Process; The Applicability of MRPII in the 

Semi-Process Industry,” Van Gorcum, Assen, the Netherlands.

250


